SYSTEM FOR INDUSTRIAL WORKSPACE ORGANIZATION 



Field of the Invention 
The invention relates to manufacturing processes and systems. More specifically, 
5 the invention relates to the reconfiguration and subsequent standardization of work 
station resources such as tools, jigs, component parts, and kitted assembly components, 
according to the principals of motion efficiency, process refinement and continuous 
improvement. 

Background and Summary of the Invention 
10 Organization of tools is a primary determinant of the efficiency with which the 

tools may be used for various job functions. For efficient use, tools should be arranged to 
be visible, accessible, and consistently positioned. Such an arrangement may enable tools 
to be deployed and returned quickly, and inventoried readily to identify missing tools. 
Additional efficiency may be achieved by positioning tools according to how the tools 
15 are used. For example, frequently used tools may be placed closer to a worker than tools 
that are less frequently used, and tools commonly used together or used in a particular 
order may be placed near one another and/or in sequence. 

A "shadow board" provides a system for tool organization. The shadow board may 
include a tool-holding structure, such as a peg board configured to hold tools adjacent a 
20 work site using tool-holding brackets. The storage position of each type of tool may be 
defined by a shape marked on the board near each bracket, such as a tool outline or 
"shadow" that is painted on the board. The shape provides a shape-based marker of the 



tool's storage position. In addition, the use of shapes minimizes the amount of mental 
processing necessary to pair tools with their storage positions. Accordingly, each tool 
may be returned easily to its predetermined storage position after use, and missing tools 
may be rapidly identified by visual inspection of the board for markers lacking a 
5 corresponding tool. 

Despite its popularity, the shadow board may be too inflexible for some 
applications, such as lean manufacturing. In lean manufacturing (for example, the Toyota 
Production System), production is configured to be highly responsive to demand. To 
meet varying demands, each worker may be required to switch quickly and efficiently 

10 between different projects, often using different sets of tools. Accordingly, a fixed 
arrangement of tools defined by a shadow board may not be optimal for working on each 
of these different projects. Additionally, a fixed shadow board is not optimal for process 
refinement or continuous improvement, two important elements of lean manufacturing. 

The invention provides a system, including method, apparatus, components, and 

15 kits, for arrangement of tools in different marked reconfigurable configurations at a work 
station. 

Brief Description of the Drawings 
Figure 1 is a view of an embodiment of a work station with a marked 
configuration of tools defined by tool markers, in accordance with aspects of the 
20 invention. 
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Figure 2 is a of view of the work station of Figure 1 after reconfiguration of the 
tool markers to define a different marked configuration of tools, in accordance with 
aspects of the invention. 

Figure 3 is a fragmentary view of a selected portion of a work station, illustrating a 
5 tool, a tool marker, and a tool label that labels the tool in correspondence with the tool 
marker, in accordance with aspects of the invention. 

Figure 4 is a view of the work station of Figure 1 after reconfiguration to expand a 
support area of the work station and to change the marked configuration of tools, in 
accordance with aspects of the invention. 
10 Detailed Description 

The invention provides systems, methods, apparatus, components, and kits, for 
arranging tools and/or parts at a work station in marked configurations. The method may 
include selecting different marked configurations for the tools according to work to be 
performed on different projects. The apparatus, components, and kits may facilitate 
15 creation of a work station that is reconfigurable in one or more aspects to create different 
marked configurations of tools, based on the needs of a worker. Accordingly, the work 
station described herein may enable more flexible tool organization to increase 
productivity in a rapidly changing work environment. 

Figure 1 shows an embodiment of a system or work station 10 that reconfigurably 
20 holds tools and/or parts in a marked configuration. Work station 10 may include a 
support structure 12 that supports and/or includes tool markers 14 and tool holders 16. 
Tool markers 14 may be configured to include shapes and/or indicia that correspond to 



tools 18 (and/or labels connected thereto). Accordingly, the tool markers may define a 
marked configuration 20 in which tools 18 may be disposed. Tool holders 16 may be 
placed adjacent the tool markers to hold tools 18 in the marked configuration defined by 
the tool markers. A subset of the tools are shown displaced from their storage positions in 
5 Figure 1 (and in Figures 2-4), as indicated by dashed lines, to reveal the adjacent tool 
markers more fully. 

The work station may be one of a set of two or more work stations at a 
manufacturing facility. Each work station may be configured for use by a different 
worker according to the needs of the worker, the tools used by that worker, etc. In some 

10 embodiments, the marked configuration of the work station may specifically identify the 
particular tools that belong to that particular work station. 

A different marked configuration may be defined by reconfiguring the tool 
markers. For example, Figure 2 shows a work station 30 with a modified configuration 32 
of tools that is different from the marked configuration of work station 10. Modified 

15 configuration 32 may be produced by adding and/or removing one or more tools (and 
their corresponding tool markers). In the present illustration, a mallet 34 and a saw 36 are 
common to both configurations. A wrench 38, a screwdriver 40, and clamp 42 of marked 
configuration 20 are not present in modified configuration 32, and a stapler 44, a box 
cutter 46, and a vise grips 48 are not present in marked configuration 20. In some 

20 embodiments, different configurations may include all different tools (and tool markers) 
or may include all the same tools, but with one or more of the tools (and tool markers) 
positioned differently relative to support structure 12. Accordingly, modified 



configuration 32 may be defined by repositioning (disconnecting and reconnecting) tool 
markers, removing (disconnecting) tool markers, and/or connecting additional tool 
markers adjacent support structure 12. Based on how tools are supported by support 
structure 12, the tool holders may be repositioned, removed, and/or added in 
5 correspondence with tool markers 14, or may be left unchanged. 

A marked configuration may be defined by the positions and identities of a set of 
tool markers. The positions may be relative to one another and/or relative to the support 
structure. Accordingly, changing the positions of the tool markers changes the marked 
configuration. The identities of the tool markers are based on shapes and/or indicia that 

10 the tool markers include, as described in more detail below. Accordingly, changing the 
identities of the tool markers, without substantially changing their relative positions, also 
may change the marked configuration. 

Tool stations as described herein may be suitable for performing methods of 
arranging tools for different projects. A set of tools and a configuration of the set of tools 

15 may be selected according to work to be performed on a project. The set of tools may 
include only tools to be used for the project, or may include additional tools for other 
purposes, such as maintenance or repair. The configuration may be selected to optimize 
use of the tools in performing the work on the project. Accordingly, the configuration 
may consider frequency of tool use, size/weight of tools, order of tool use, combinations 

20 of tools used together, position of the worker during/after use of each tool, etc. In some 
embodiments, the configuration may be selected from among potential configurations, 
based on how efficiently the work is expected to be performed with the selected 



configuration relative to the other potential configurations. Efficiency may be measured 
according to time or human effort expended by performing the work with each 
configuration, level of worker safety, amount of wear on the tools, etc. 

The method may include steps of marking, placing, and performing. The step of 
5 marking may mark the selected configuration with a tool marker corresponding to each 
tool according to the configuration. Marking the configuration may include connecting 
preformed tool markers to a support structure. In addition, marking may include 
fabricating the tool markers before connecting the tool markers. The step of placing may 
place the tools in the selected configuration. Placing may include arranging tool holders 

10 according to the selected configuration, so that a suitable tool holder (for each tool 
marked) is disposed adjacent each tool marker. The step of performing may perform 
work on the project, generally with tools that were placed in the configuration. The tools 
may be removed from the configuration in the order they are to be used, or in any other 
suitable order. After use, the tools may be returned to the configuration after each tool is 

15 used, after all tools are used, or, in some embodiments, may not be returned to the 
configuration. Any suitable work may be performed on any suitable project, including 
manufacturing, assembling, testing or prototyping a product at a manufacturing facility, 
working on a project at home, and/or servicing or repairing an article, among others. 

The method also may include repeating the steps of selecting, marking, placing, 

20 and performing, as described above, but for a different project. Repeating may include 
adjusting the shape and/or area of a support structure, for example, to hold more or fewer 
tools, or to accommodate different sizes of tools or a different position of the tools 



relative to the work being performed. The repeated step of selecting may select the same 
or a different set of tools, based on the tools needed for the different project, and selects a 
different configuration of tools. The repeated step of selecting may include fabricating 
one or more new tool markers. The repeated step of marking may include disconnecting 
5 some or all of the tool markers from a support structure. If the disconnected tool markers 
are needed in the different configuration, the disconnected tool markers may be 
reconnected at different positions. Alternatively, or in addition, additional tool markers 
may be connected to the support structure. 

Support structure 12 is any structure configured to support and/or include tool 

10 markers 14 and tool holders 16, and to support tools 18. Support structure 12 may include 
a frame 50 connected to one or more support elements, such as panels 52 (see Figure 1). 
The support elements and/or the frame may define a surface 54, adjacent which the tool 
markers, tool holders, and tools are disposed. The surface may be at least substantially 
vertical, horizontal, and/or inclined, and may be generally planar, curved, angled, and/or 

15 the like. 

The frame may include any structure that positions panels and/or surface 54 in 
space. The frame may be fixed or portable. Exemplary fixed frames may include a 
portion of a building, such as a wall, floor, beam, stud, or post, and are thus not movable 
readily. Exemplary portable frames may be disposed at a plurality of different positions 
20 relative to the inside or outside of a building, but may be reversibly attachable to 
structural portions of the building. In some embodiments, the frame may include two or 
more posts 56. The posts may be freestanding, for example, having a supporting base 58. 



Freestanding posts may be mobile through the addition of wheels, casters or other device. 
The posts may be connected to one another through panels 52 or may include cross-frame 
components that extend between the posts. Alternatively, or in addition, the posts may be 
configured to be connected to a floor, wall, and/or ceiling of a building. 
5 The size of the frame may be adjustable. For example, two posts may be spaced 

differently in accordance with different widths of panels, and/or three or more posts may 
be arrayed to position two or more columns of panels, among others. In addition, posts 
may have adjustable heights, or posts of different heights may be used. 

The support elements or panels 52 may have any suitable structure that allows 

10 connection to frame 50, tool markers 14, and tool holders 16.1n some embodiments, the 
support elements may be rectangular panels. The rectangular panels may be square and/or 
may have holes 53 (recesses or through-holes) configured to receive a proximal portion 
of each tool holder and/or a portion of each tool marker. The holes may have any suitable 
size, shape, configuration, and density, for example, an orthogonal or other regular array 

15 of through-holes. The support elements may be generally planar. The support elements 
may have a height that is greater than half the height of the frame, for example, so that 
one support element is supported between posts 56. Alternatively, some or all of the 
support elements may have a height less than half the height of the frame, so that two or 
more support elements may be held between posts 56, for example, to form a column of 

20 support elements. The support elements may be connected to frame 50 by any suitable 
mechanism, such as brackets, fasteners, etc. 
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The support elements may be formed of any suitable material. Exemplary 
materials may include, but are not limited to, metal, wood, plastic, ceramic, or a 
combination thereof In some embodiments, at least a portion of each support element 
may be magnetic (that is, magnetized or attracted to a magnet). The support element may 
5 include any suitable indicia, including a color, one or more symbols (such as letters or 
numbers), a bar code, etc. A surface of a support element may be writable with a 
nonpermanent marker and erasable (such as a white board or black board), may include 
the tool markers, and/or may include a VELCRO component, as described further below. 
The tool holders may be any devices configured to support one or more tools 

10 adjacent the support structure. The tool holders may be configured to hold a specific tool 
or type of tool or may be generic to holding different types of tools. The tool holders may 
be fixed or may be movable relative to the support structure, to allow the tool holders to 
be removed or repositioned. Fixed tool holders may be formed as part of the support 
structure or may be attached permanently after the support structure is formed. Movable 

15 tool holders may be connected with fasteners, by magnetic attraction, by VELCRO, with 
an adhesive, by mating, etc. Exemplary tool holders may include pegs, hooks, recesses, 
bins, shelves, brackets, caddies, arms, and/or the like. In some embodiments, the tool 
holders may be received by holes 53 defined by the support structure (see Figure 1). 

The tools may be any devices configured to perform or facilitate performance of 

20 work on a project. The tools may have any suitable level of complexity and user control. 
For example, some or all of the tools may be relatively simple, hand-driven tools, as 
depicted in Figures 1 and 2. Alternatively, the tools may be power tools, that is, tools 



powered by an electrical power source, compressed gas, or chemical fuel, among others. 
In some embodiments, one or more of the tools may be controlled digitally. Accordingly, 
the tools may be deployed from the work station by hand, by user input (for example, by 
pressing a button), and/or automatically (for example, according to digital instructions). 
5 Figure 3 shows a portion of a work station 60. Work station 60 includes an 

embodiment of a tool marker 62 marking a tool position 64 for a tool (wrench 66), below 
tool holder 16 and adjacent surface 54. The tool may include a label 68 connected to the 
tool. Tool label 68 may include label indicia 70 ("231") that correspond to marker indicia 
72 included on tool marker 62. 
10 The tool marker may be any component configured to mark a position for a 

particular tool (and/or a connected tool label) in a tool configuration. Each tool marker 
may be configured to correspond to a particular tool (or tool label) using one or more 
features included in the tool marker. The feature(s) may be visible and/or machine 
readable. 

15 The feature may be a shape or indicia defined by and/or included in the tool 

marker. The shape may correspond to a silhouette of the tool to which the marker 
corresponds and identifies. The silhouette may be an entire silhouette of the tool, or a 
silhouette of a portion of the tool. The shape may correspond to an accurate or abstract 
silhouette, and may be a filled shape, an outline or an image of the actual item, among 

20 others. In addition, the silhouette (and thus the shape defined by the tool marker) may 
have any suitable size relative to the tool or the tool portion, including substantially the 
same size, substantially larger (magnified), or substantially smaller. In some 
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embodiments, the tool marker may define a shape that is substantially unrelated to the 
tool silhouette, such as a circle, rectangle, etc., which also may be included in a 
corresponding tool label to be paired with the tool marker. The tool marker may define 
the shape with any suitable region of the tool marker, including an outer edge or 
5 perimeter (or a portion thereof), an inner edge (or portion thereof), a surface (such as by a 
surface contour or surface contrast, among others), and/or an internal region (such as with 
a partially transparent tool marker). The indicia may be any marking(s) included in a tool 
marker. The marking(s) may be a symbol(s) (such as a number, a letter, a word, etc.), a 
color(s), a code(s) (such as a barcode or other machine-readable code), and/or the like (or 

10 a combination of the above). 

Each tool marker may be connected to the support structure of the work station by 
any suitable mechanism. Connection to the support structure may be according to the 
composition/structure of the tool marker and the support structure. Accordingly, 
connection may be through magnetic attraction, electrostatic interactions, surface tension, 

15 chemical bonding, generally complementary physical structures, and/or 
fasteners/brackets, among others. The tool marker may be configured to stick to the 
surface of the work station upon contact. For example, the tool markers and at least a 
portion of the support structure (such as panel 52) may be formed of a magnetic material. 
Alternatively, the tool markers may include a tacky material that sticks to the support 

20 structure (such as an adhesive or tape), or the tool markers and support structure may 
include VELCRO structures that are functionally complementary. Complementary 
physical structures may include protrusions on the tool markers (or the support structure) 
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configured to be received by holes, that is, recesses or openings, of the support structure 
(or tool markers). Alternatively, connection may be through a tool holder that connects 
the tool marker to the support structure. For example, the holder may be tool holder 16 
extending through an aperture of the tool marker and/or may be one or more marker 
5 holders, fasteners, or brackets that connect a tool marker to the support structure. 

Tool markers may be configured to be fixed or repositionable. Fixed tool markers 
are configured so that they cannot be moved relative to the support structure without 
damaging the tool marker or the support structure. Exemplary fixed tool markers may 
include tool markers that are formed as a layer of optically-contrasting material applied to 

10 a surface of the support structure by painting, or tool markers that are connected with a 
substantially permanent adhesive, among others. Repositionable tool markers may be 
connected to the support structure, and then disconnected and reconnected at the same or 
a different position on the support structure. Exemplary repositionable tool markers may 
be connected magnetically, or using tool holders, a weak adhesive, VELCRO, etc. In 

15 some embodiments, the repositionable tool markers may be moved between positions on 
the support structure without disconnecting the tool markers. 

Tool markers may be formed of any suitable material and by any suitable process. 
Exemplary materials may include metal, plastic, paper, wood, rubber, ceramic, paint, or a 
combination thereof, among others. In some embodiments, the tool markers may be 

20 formed from a sheet of a suitable precursor material, such as a magnetic sheet, an 
adhesive-backed sheet, or a sheet of paper, among others. Processes for forming the tool 
markers may include cutting tool markers from the sheet, for example, as shapes 



corresponding to tool silhouettes. Alternatively, or in addition, cutting may form an 
aperture in each tool marker, with the apertures having shapes corresponding to tool 
silhouettes. In some embodiments, the sheets may be printed with indicia and/orshapes, 
and then the tool markers cut from the sheets. Alternatively, the tool markers may be 
5 printed with indicia or shapes after the tool markers have been cut. In other embodiments, 
indicia and/or shapes may be applied to the tool markers as separate layers, for example, 
as adhesive marker labels, before or after the tool markers are cut. In some embodiments, 
the tool markers may be produced by molding or casting. 

Tool markers may be formed as separate components or two or more tool markers 

10 may remain connected after their formation. Accordingly, two or more tool markers may 
be formed on a sheet of material and then used as a unit. In some embodiments, a 
configuration of tool markers may be printed or otherwise defined on a sheet of material 
(such as by cutting out apertures) and then used directly by connection to a support 
structure without separating the tool markers from one another. 

15 Tool label 68 may have any suitable structure and may include any suitable 

shapes/indicia. The tool label may be formed of plastic, paper, metal, and/or the like, and 
may be connected to the tool by any suitable method, such as by shrink-wrapping, as an 
adhesive label, with tape, magnetically, and/or the like. The tool label may correspond to 
the tool to which the tool label is connected and/or to the tool marker with which the tool 

20 label is to be paired. Accordingly, the tool label may define and/or include any visible or 
machine-readable shape and/or indicia, as described above for the tool markers. For 
example, the tool label may include a color, one or more symbols (numbers, letters, 



words, etc.), and/or a shape (such as the silhouette of the tool and/or the silhouette 
presented by the tool marker), among others. Thus, the tool label may correspond to one 
or more visible features of the tool marker, which may be different than a feature of the 
tool marker used to identify the tool itself. The use of tool labels may, for example, 
enable similar-appearing tools to be assigned to different work stations or to be assigned 
to different positions of the same work station. Alternatively, or in addition, such labels 
may facilitate tool inventory for an entire facility, such as with barcodes or other 
machine-readable formats. In some embodiments, the tool labels may correspond to a 
particular work station rather than a particular tool marker. For example, each tool of a 
work station may be connected to a tool label bearing similar or identical indicia. 

Work station examples are described below. Work station reconfiguration may 
include attachment arms, parts bins, pneumatic service, electrical service, lighting, 
computer equipment and other options. The system may be modular to meet the revised 
need and provides for visual standardization after revision. 

Figure 4 shows an expanded work station 80 formed by reconfiguring work 
station 10 of Figure 1. Work station 80 may include additional posts 56 including 
adjustable post 82, which may telescope to different heights, shown at 84. 

Additional panels may be connected to posts 56 or exchanged for one or both of 
panels 52, such as solid panel 86 (no holes), colored panel 88, adjustable panel 90, shelf 
panels 92, and monitor panel 94. Solid panel 86 may include connected magnetic strips 
96 for holding tools or article holders. Colored panel(s) 88 may provide an additional 
level of organization for the work station, for example, to group tools according to kind, 
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function, sequence of use, etc. In some embodiments, tool label 68 (see Figure 3) may 
include a color (or other indicia) that corresponds to the color (or other indicia) of a panel 
adjacent which the corresponding tool is to be placed. Adjustable panel 90 may define an 
movable surface 98 that may be disposed at one of two or more selected angles. Shelf 
5 panels 92 may define substantially horizontal surfaces to provide, for example, a work 
table or a storage space for larger tools or equipment, such as computer 100 and 
keyboard/mouse 102. 

Work station 80 also may include article holders 104. The article holders may hold 
tools, or may hold any suitable parts incorporated into a product during its manufacture. 

10 Article holders 104 may be configured as bins, baskets, or other containers. The article 
holders may be connected magnetically (shown at 106) or by mating between pegs, 
hooks, or other protrusion of the article holders and holes 53 of the panels. Each article 
holder may include an article marker 110 connected to the article holder or to a panel, 
adjacent the article holder. 

15 The disclosure set forth above may encompass multiple distinct inventions with 

independent utility. Although each of these inventions has been disclosed in its preferred 
form(s), the specific embodiments thereof as disclosed and illustrated herein are not to be 
considered in a limiting sense, because numerous variations are possible. The subject 
matter of the inventions includes all novel and nonobvious combinations and 

20 subcombinations of the various elements, features, functions, and/or properties disclosed 
herein. The following claims particularly point out certain combinations and 
subcombinations regarded as novel and nonobvious. Inventions embodied in other 
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combinations and subcombinations of features, functions, elements, and/or properties 
may be claimed in applications claiming priority from this or a related application. Such 
claims, whether directed to a different invention or to the same invention, and whether 
broader, narrower, equal, or different in scope to the original claims, also are regarded as 
included within the subject matter of the inventions of the present disclosure. 
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